INVESTIGATIONS OF 
NEW ENGLAND MARINE ALGAE VII: 

SEASONAL OCCURRENCE 
AND REPRODUCTION OF MARINE ALGAE 

NEAR CAPE COD, MASSACHUSETTS'-^ 

Douglas C. Coleman and Arthur C. Mathieson 

In an earlier paper (Coleman and Mathieson, 1974) we 
described the horizontal distribution of seaweeds at seven 
sites from Scituate to Woods Hole, Massachusetts, including 
the Cape Cod Canal. In the following account we summar¬ 
ize the seasonal occurrence and reproduction of seaweeds at 
the same locations. Most previous collections and observa¬ 
tions of Cape Cod seaweeds have been restricted to the 
summer. Conover (1958) and Sears (1971) have con¬ 
ducted the only detailed seasonal investigations of Cape 
Cod marine algae. Conover described the productivity and 
seasonal composition of the algae in the Great Pond Estuary 
of Falmouth in relation to a variety of environmental pa¬ 
rameters. Sears described the subtidal benthic algae at 
several sites in southern Cape Cod. Neither Sears nor 
Conover gave any consideration to the seaweeds in the 
Cape Cod Canal, which connects Cape Cod Bay and Buz¬ 
zards Bay. The Canal is a transitional zone separating two 
distinctive water masses and marine floras (Coleman and 
Mathieson, 1974). The temperature discontinuity between 
the two sides of the Cape may reach 10°C. during the sum¬ 
mer; thus. Cape Cod is one of the major phytogeographical 
boundaries on the Atlantic Coast of North America (Far- 

low, 1870, 1882; Harvey, 1852-1858; Humm, 1969, Setchell, 
1922). 


’Published with the approval of the Dii*ector of the University of 
New Hampshire Agriculture Experiment Station as Scio-iitific Con¬ 
tribution Number 665. 

-Jackson Estuarine Laboratoi*y Contribution No. 14. 
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Monthly collections and observations of marine algae 
were made at each of the seven sites (Fig. 1) during 1969. 
Specific details of collections, identifications, and descrip¬ 
tions of stations have been previously summarized (Cole¬ 
man and Mathieson, 1974), and they will not be repeated 
in the present paper. 



Fi^ire 1. Map of Cape Cod, Massachusetts, showing the seven 
stations. 
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SEASONAL OCCURRENCE AND LONGEVITY 

Figures 2 and 3 summarize the monthly occurrence of 
seaweeds at each station. There was a conspicuous increase 
in the number of species during the spring and summer, 
except at stations 2, 3, and 4. The time of peak numbers 
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varied at different stations. Seasonal changes were usually 
most obvious from January to June, except at stations 3 
and 4. A gradual decline in the number of species was 
observed from June to December at each station. The ma¬ 
jority of species at each site belonged to the Rhodophyta 
and Phaeophyta; the lowest numbers were members of the 
Chlorophyta. The red algae showed a greater increase in 
numbers during the spring and early summer than did 
either the browns or greens. Seasonal changes in numbers 
were greatest at Scituate, Wings Neck and Woods Hole. 
See Tables I-III for specific details of occurrence at stations 
1, 4 and 7 — i.e., a noidhern, a southern, and a Canal station. 

Of the 106 taxa collected at the seven stations, 49 were 
designated as annuals and 57 as perennials (Table IV). 
Perennials accounted for the largest number of species at 
each station, except at Wings Neck and Woods Hole. The 
ratio of annuals : perennials at each station was as follows: 
station 1 — 42 : 58, station 2 — 44 : 56, station 3 — 40 : 60, 
station 4 — 42 : 58, station 5 — 43 : 57, station 6 — 54 : 46, 

— 54 : 46. The conspicuous annuals and peren- 


station 7 — 

nials on each side of the Cape are summarized in Tables V 
and VI. The dominance of annuals and reduced numbers of 
perennials to the south is apparent. 

Three groups of perennials can be distinguished as 
follows, depending upon their abundance north and south 
of the Cape: 1) 
dant north of the Cape; 2) species either restricted to or 

abundant south of the Cape; 3) species common on 
both sides of the Cape. The first group included Choreo- 
colax polysiphoniae, 
dorfii, Plumaria eU ci 


more 


more 


mldd( 


Chartomorpha atrovirens. The second group included Cal- 
lithamnion haileyi, Sargassnm filipendula, and Cot 
fragile ssp. to7nentosoides. The last group included Ce 


celaria cirrosa and Clmetomorplia linum. 

Distinct winter, spring and summer ; 
dent at the seven sites. The first errour 
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Figiire 4. Monthly variation of annuals at stations 1, 4 and 7. 
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fuscopH 


fa 


Codiolam gyeganum. 


The second group included Desmaresfia viridis, Desmo- 
trichnm halticum, Punctaria planfaghiea, Enteromorpha 


linza, Monosti 


grevilln and Mo7i 


pulchrnm. 


The third group included Dasya pedicellata, Chainpia par- 
7 '>ida, Chondria scdifolia, GnnneUki americatm, Hypnea 
mui^ciformis and Srirospora griffithsiana. Figure 4 illus¬ 
trates the monthly number of annual species at stations 1, 
4 and 7. The largest number of annuals occurred during 
the spring and summer months, except at station 4, and a 
decrease was evident during the winter months. 

Differential, spatial, and seasonal successions of annuals 
were recorded north and south of the Cape. Thi'ee patterns 
of seasonal succession were evident (Table VII). Some 
species occurred earlier south than north of the Cape, 
others disappeared earlier south than north, while a third 
group was found throughout the year on both sides of the 
Cape. Some examples of differential spatial succession may 
also be noted. The winter annuals Baiigia fuscopurpurea 
and Pctalonla fdftcia aj)peared simultaneously in the Canal 
and on the south shore of the Cape, but they were not found 
at Scituate until several weeks later. Other spring and 
summer annuals such as Cennnhim sfrictuni, Agardhiella 
toieva, Lomentaria hdileyuna, Chovdu filum and Loathesia 
diffonnis appeared successively at Woods Hole, the Canal 
.stations and finally at Scituate. 


SEASONAL REPRODUCTION 

Species common to both sides of the Cape showed dif¬ 
ferences in reproductive periods (Tables I-III). The an¬ 
nuals can be divided into thi'ee groups as follows according 
to their reproductive patterns: 1) species reproducing ear¬ 
lier south than north of the Cape; 2) species terminating 
reproduction earlier south than north of the Cape; 3) spe¬ 
cies reproducing throughout the year north of the Cape, 
but with limited reproductive periods to the south. E.xam- 
ples of each group are as follows: 1) Agardhiella teyiera. 
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Chorda tiJam, Leathesia diffo 


Ceramiinn sfrictuni. 


Chordariu flageUiform is 
Bangui fascopiirpurea, I 
hilicalis, Leathesia diffo 


and Asperococcus echinatus; 2) 


Pctalonia fascia, and Mono- 

mt 

ambilicalis, Pctalonia fascia. 


and Scyto.siphon lomentarius. Table VIII summarizes all of 
the species found in each group. 

The perennials can also be divided into three groups 
according to their reproductive patterns: 1) sjiecies pri¬ 
marily reproducing during the colder months; 2) species 
primarily reproducing during the warmer months; 3) spe¬ 
cies reproducing throughout the year. Examples of each of 
the groups are as follows: 1) Chond}'us crispns, Pcfrocelis 
nuddendorfii. Laminaria spp., and Polyides I'oftnidiis; 2) 
CaUifhamnioyi haiJeyi, and Cystoclonium parpvreum var. 
cirrhosam; 3) Ascophyllnm nodosam, Fucas ssp., Pilayclla 


litfo)■((Its , SphaceUuia 


feltia plicata. The 


generalized groupings of species according to reproductive 
periods were not always consistent at all stations. For 
example, Pilayella littoralis and Chondras crispas had an 
extended reproductive pei’iod north of the Cape, but ex¬ 
hibited limited jieriods of reproduction to the south. See 
Tables I-lII for sjiecific details of I'eproduction at stations 

1,1 and 7. 


DISCUSSION 


Davis (1913a, b) suggests that the wide range of tem¬ 
peratures near Cape Cod results in distinct annual jiopula- 
tions. He distinguishes two groups of annuals as follows: 
(1) winter-spring, and (2) mid-summer or early autumn. 
We observed four types of annuals: winter, spring, summer 
and aseasonal. Sears (1971) also recorded aseasonal an¬ 
nuals during his study of the subtidal marine algae in 
southern Cape Cod. The latter group showed no seasonal 
specificity; the plants reproduced throughout the year and 
they were represented by successive generations of young 
plants. Among others, Davis (1931a, b), Setchell (1920), 
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Williams (1948) and Chapman (1964) state that species 
may survive adverse temperatures in a resting stage. 
Sears’ (1971) observations substantiate the latter sugges¬ 
tion, for he observed germlings of several red algae over¬ 
wintering in the deep subtidal zone off Martha’s Vineyard, 
Massachusetts. 

Cold water perennials might be expected to enter a com¬ 
parable state during the warmer months. Setchell (1917) 
states that the northern fucoid alga Ascophyllum nodosum 
enters a heat labor state during the summer south of the 
Cape. We have observed a similar response for A. nodosum 
south of the Cape, for it becomes bleached and unhealthy 
looking during the summer. 

The ratios of annuals to perennials varied at different 
stations. North of Cape Cod perennials were dominant, 
while to the south annuals were more abundant. Inter¬ 
mediate ratios were found in the Canal. The seasonal tem¬ 
perature regimes at the seven sites are correlated with the 
percentage of annuals and perennials at each site. Thus, the 
temperature range south of the Cape is about 22°C., while 
to the north it is about 17°C.; intermediate values are evi¬ 
dent in the Canal (Coleman and Mathieson, 1974). The 
high summer temperatures south of the Cape allow warm 
temperature annuals to occur in abundance. In contrast the 
winter flora at the same sites is dominated by northern 
(boreal) annuals. Williams (1948, 1949) has recorded a 
similar seasonal variation of annuals at Cape Lookout, 
North Carolina. He emphasizes that areas with wide tem¬ 
perature fluctuations, such as Cape Lookout, support a wide 
range of annuals. 

Geographical differences of seasonal succession were evi¬ 
dent. For example, warm water annuals occurred earlier 
south of the Cape than north, while many cold water an¬ 
nuals remained longer north than south of the Cape. The 
early appearance of warm water annuals south of the Cape 
resulted from higher spring temperatures in Buzzards Bay 
than Cape Cod Bay. Likewise, some cold water annuals 
remained longer north of the Cape, because of the lower 
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spring temperatures in Cape Cod Bay. It is suggested that 
differences in seasonal successions at the stations are pri¬ 
marily dependent on temperature differentials. 

Variable reproductive periodicities were also evident for 
the same species at different stations. For example, several 
warm water annuals initiated reproduction earlier south 
than north of the Cape, while cold water annuals repro¬ 
duced longer north than south. The reproductive patterns 
of perennials also showed similar patterns as the annuals, 
again indicating the importance of temperature differences. 
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TABLE IV, LONGEVITY OF SPECIES 


Chlorophyta 


Taxon 


Chaetomorpha atrovireiis Taylor 

Chaetomorplia linmn (Muller) Kiitzing 

Ckaetomorpka mclayonium (Weber et Mohr) Kiitzing 

Cladophora fltxuosa (Muller) Harvey 

Cladophora gracilis (Griffiths ex Hai-vey) Kiitzing 

Codiolum grcyariiim A. Braun 

Codioluni pctrocclidis Kuckuck 

Codium fragile (Sur.) Hariot ssp. iomeniosoHles 

(van Goor) Silva 

Knicromorpha intestinaJis (L.) Link 
L'nteromorplia linza (L.) J. Agarclh 
Monostroinn grcvillei (Thuret) Whitti’ock 
M&nostroma pidchrunx Farlow 
Rliizocloniiim torluosum Kiitzing 
Spotigornorplia arcta (Ihllwyn) Kiitzing 
Spoxigoxnorjxha sjfoiesccyhs Kiitzing 
I'lotlirix flncca (Dillwvn) Thuret 
Ulva lactuca L. 

Urospora collabcus (C. Agacdh) Homes ct Ratters 
Urospora pevicillifcrxnis (Roth) Areschoug 


Longevity 

P 

P 

P 

P? 

P? 

A 

A 


P 

A 

A 

A 

A 

P 

A 

A 

A 

A 

A 

A 


Phaeophyta 


T.\xon 


Ascophgllion nodasii^n (L.) Le Jobs 

Asi>i’>'o(‘occus echindlus (Mertens) Greville 

Chorda filnm (L.) Stackhouse 
Chorda fotnetifosa- Lyngbye 
Chordnria fl(tgclIiforniis (Muller) C. Agardh 
IJcsynarestia ncaleaia (L.) Lamouroux 
Iicsmarestia riridis (Muller) Lamouroux 
DesIIIot rich ii m. halfirinn Kiitzing 
Desmotrichinn niidiilalinn (J. Agardh) Reinke 
Dietgosiphan foenicnlaceiis (Hudson) Greville 
Ecfocarpns silicnlosns (Pillwyn) Lyngbye 
Klachistn fiicicola (\'elley) Areschoug 

P''ncus distirhus L. emend, ssp. disfichns (C. Agardh) Powell 


Longevity 

P 


A 

A 

A 

A 

P 

A 

A 

A 

P 

A 

P 

P 


Fucks distirhus L. emend, ssp. cdrntatus (C. Agardh) Powell P 
Fucks distirhus I,, emend, ssi). cranrsceiis (C. Agai’dh) Powell P 
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Phaeophyta 

Longevity 


Fucus spiralis L. p 

Focus vesiculosus L. p 

Fucus vesiculosus var. sphacrocarpus J. Agardh P 

Fuctis vesiculosus var. spiralis Farlow P 

Giffordia granulosa (Smith) Hamel A 

Giffordia secunda (Kiitzing) Batters A 

Laminaria digitata (Hudson) Lamouroux P 

Lamino/ria saccharina (L.) Lamouroux P 

Leathesia difformis (L.) Areschoug A 

Myrionema strangulans Greville P? 

Petalonia fascia (Muller) Kuntze A 

Pilayella lift oralis (L.) Kjellman p 

Punctaria Idtifolia Greville A 

Punctaria plantaginen (Roth) Greville A 

Ralfsia fungiformis (Gunner) Setchell et Gardner P 

Ralfsia vertucosa (Areschoug) J. Agardh P 

Sargassum fiUpendula C. Agardh P 

Sciftosiphon lomentarius (Lyngbye) Link A 

Sphacelaria cirrosa (Roth) C. Agardh P 

Sphnerofrichia divaricata (C. Agardh) Kylin A 


Rhodophyceae 

Taxon 

Agardhiella tcnera (J. Agardh) Schmitz 
Ahnfeltia plicata (Hudson) Fries 
Antithamnion americanum (Harvey) Farlow 
Pnvgia fnscopurpurea (Dillwym) Lyngbye 
Banvesrmisonia hamifera Ha riot 
Callithamnion haileifi Harvev 
CalUthaynnion roseurn (Roth) L>Tigbye 
Ceramium ruhrum (Hudson) C. Agardh 
Certtviium strictum Harvey 

Champia parvula (C. Agardh) Harvey 
Cho'ndna sedifolia Harvey 
Chondrus crispus Stackhouse 
Choreorolax poli/siphoniae Reinsch. 

Clafhratnorphum cirrnmscriptum (Stromfelt) Foslie 
Corallina, officinalis L. 

Cystochniitm purpureum. (Hudson) Batters var. 
ci rrli osuni Harvey 


Longevity 

A? 

P 

A 

A 

P 

P? 

A? 

P 

A 

A 

A 

P 

P 

P 

P 

P 
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Rhodophyceae (Continued) 


Taxon 

Dosya pedicellata (C. Ag-ardh) C. Agai-dh 

Dermatolithon pustulatum (Laniouroux) Foslie 

Dumontia incrassata (Muller) Lamouroux 

Gigartina stellata (Stackhouse) Batters 

Gloiosiphonia capillaris (Hudson) Carmichael ex Berkeley 

Goniotrichnm alsidii (Zanardini) Howe 

Griffithsio temds C. Ag^ardh 

Grinnellia arnericayia (C. Ag’ardh) Harvey 

Hildenbrandia prototypus Nardo 

Hypea musciformis (Wulfen) Lamouroux 

Lithophylhim corallivae (Ciouan) Heydrich 

Lithothomnium glaciate Kjellman 

Lomentaria baileyana (Harvey) FaJ'low 

Lcnncntaria orcadensis (Harvey) Collins ex Taylor 

Melobesia Icjolisii RosanofF 

Petrocelis middcTidorfii (Ruprecht) Kjellman 

Phylhphora brodiaei (Turner) Endlick 

Phyllophorn menibranifolia (Coodenoimh ex Woodward) 

J. Af>ardh 

Phymatidithon lenormaiidi (Areschoug’) Adey 
Phimaria elegans (Bonnemaison) Schmitz 
Polyides rotundus (Hudson) Greville 
Polysijdiovia dixudata (Pillwyn) Creville ex Haiwe\' 
in Hooker 

Pohjsiphonia eloyigafa (Hudson) Sprenjrel 
Polysiphonia hat'i'Cj/i Bailey 
Polysipbnvia lanosa (Tj.) Tandy 
Poliffyipboriia yiigrci^cev^ (Hudson) Greville 
Polgsijyhovia yiorae-a'agliae Taylor 

Poly fdpbonia u.rceolatn. (Lightfoot ex Dillwyn) Greville 

Porphyra leucofificfn Thuret 

Porphyra wininta, (C. Agardh) C. Ag’ai'dh 

Porphyra anibilicalifi (I-i.) J. Agardh 

Rhodoehorfon penieilliforme (Lightfoot) Rosenvinge 

Rhodomela confervoides (Hudson) Silva 

Rhodymenia palmata (L.) Greville 

Seirospora grifjithpiian-a (Harvey) Dixon 

TraiJIiella hitrienfa (J. Agardh) Ratters 


Longevity 

A 

P 

A 

P 

A 

A 

A 

A 

P 

A 

P 

P 

A 

P? 

P 

P 

P 

P 

P 

P 

P 

A 

P 

A 

P 

P 

P 

P 

A 

A 

A 

P 

P 

P 

A 

P 
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TABLE V. DOMINANT ANNUALS NORTH AND SOUTH 

OF THE CANAL 


ANNUALS 


North 

IJangia f uscopurpurea 
Duniontia incrassata 
Lomentaria baileya'nn 
Polysfiphonia harueyi 
Po rphyra iimhilicalis 


.1 sperncocriis erli inatus 
Chorda filiim 
Chorda tomentos^a 
Chordario flogetlifoi'tnis 

fJctoca7'pUi< coiifci'^^oides 

Lcathrsia diffomyris 
f^ctalomn fascia 
Srytosiphon lornetitaria 


CodioI}mi petrocelidis 
En terom o rpha iv testiva Us 
Moaostroma grevillei 
Monostroma pulch'/^irn 
Sjxyrigomorplia arcta 
S poJigo m or pi) a spiv esccvs 
Vloth'rix flacca 
Ulra lactuca 
Urospora coUahens 
Urospora pev icillifoi^is 


South 

Ayardkiella tcnera 
AntitJmmnion americanum 
Bangia f uscopurpurea 
CaUithamniari roseum 
Ceramium strictum 
Cham pi a parinda 

Chondria sedifolia 

m 

Dasya pcdiccUata. 
Diimontm incrassata 
(jrinnellia americana 
Hi/pnea masciformis 
Lomentaria haileyana 
Polysiphonia harvei/i 
Porphyra umbilicalis 
Seirosp or a g ri fp. t lis i an a 
TraillieJla miricata 

Asp€rococcn>s cchinatus 
Chorda fihim 
Chorda tomcn fosa 
Chordaria flagelliformis 
D( smotrichum nndulaturn 
Ectocarpns coyif err aides 
Leafhesia difformis 
Petalonia fn-acia 

m 

Fauctarin latifolia 
Pn7i ctno'ia p la 77 tag iyu'a 

Scy t os / ph 0 77 1(7777 €77 la 7'7(7 

Sphaerotrichia dii'a7'icata 

E 77.tero777 07'ph a iv t es t777a Hs 
M 0770 S t ro 77ia grevilie i 
Motiostro7r7 <7. p77 Ich r7i7n 

Spo7igo77iorphxi arcta 
Ulotkrix flacca 
I troxpora pe77iciHi fo /•?« is 
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TABLE VI. DOMINANT PERENNIALS NORTH AND SOUTH 

OF THE CANAL 

PERENNIALS 


North 

Ahnfcitia plicata 
Cera'inium ruhruvi 
Ckomlms crispus 
Choreocolax polysipJioniae 

ClntlironiorpliKm circirniscriptiim 

Corallma officinalis 
Cystocloninni purpurcnrn var. 

cirrhosum 
Giyartina stellxita 
H i I den bran d i a pro totypns 
LitliophyUnyyi corallinae 
Lithophyllum macrocarpum 
Petrocclis niiddendorfii 
Phyllophora meynbranifoHa 
Ph y ni n toll thou lenorm and i 
Plutnaria, cleyans 
Poly ides rarpinus 
Pidyxiphonia lanosa 
Poly si phonia niyrcscens 
Polysiphov (‘a nrceolata 

Phodocliortov pcnicilliforyne 

Rhodomela confervohlcs 

* 

Rliodymenia pahnata 

A scophyllurn nodosnm 
Desinarcstia aculcata 
Rlarhista fncicoJa 

w 

Fa CHS distich IIS ssp. disticims 
Fnciis distichiis ssp. edentatns 
Fucks spiralis 
Fucks vcsiculosns 
Laminaria diyitata. 

Lam in a ria saccha rina 
Pilaiclla littoralis 
Raffsia fKnyiformis 
Rdlf.^io vcrnicosa 
Sphacclai'in cirrosa 

Ctiaetoniorpha atrovirens 
Chactomorpha linum 
Chaetomoi'jdia mclayoninm 
RhizocloniKm tortosum 


South 

Callithamnion baileyi 
Ceramium I'ubrum 
Chondnis crispus 
Corallina officinalis 
Cystoclonium jnirpureum 
var. cirrhosum, 

Fosliella Icjolisii 
Li t h 0 pi I y Hum m ncroca'rjnim 
Phyllophora membran ifolia 
Poly si ph onia 'niyrescens 
Polysiphonia urceolata 


Ascophylliim nodosum 
Dictyosiphon focniculaceus 
Elachista fucicola 

W 

Fucus vesiculosyts 

var. sphaerocarpus 
Pilaiella littoralis 
Saryassum filipendula 
Sphacclaria cirrosa 


Chactomorpha Ihmm 

Cladophora flexuosa 
Cladophora yracilis 

Codium f ray He ssp. 

• ^ * 

tomentosoides 



TABLE VII. PATTERNS OF SEASONAL OCCURRENCE OF ANNUALS 
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